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Description 

This invention relates to gas turbine apparatus hav- 
ing a gas turbine and a plurality of burners which burn 
fuel in combustion air to supply combustion gases to 
drive the gas turbine. The invention is particularly con- 
cerned with the control of the burners, particularly the 
fuel-air ratio of the burner or of an individual stage of the 
burner, and thus also provides methods of control or op- 
eration of a gas turbine having a plurality of burners. 

Large power output gas turbines are nowadays usu- 
ally supplied with combustion gas by a plurality of burn- 
ers, which are often arranged in a ring, with each burner 
supplying its combustion gas to a different part of the 
first stage of the turbine. A number of proposals for con- 
trol of the burners in such an apparatus have been made 
in the prior art, and include methods of pre-setting the 
burners for operation, and also adjusting the burners 
collectively or even separately during operation. Such 
methods are generally concerned with control of the fu- 
el-air ratio. 

One arrangement for setting the fuel-air ratio of a 
pre-mixing combustion stage of a plurality of burners is 
described in JP-A-61-195214. A pre-mixing combustion 
stage is one in which the fuel and combustion air meet 
and pass along a passage in which they are pre-mixed 
before reaching a combustion zone. This device is illus- 
trated in Figs. 7 to 9 of the accompanying drawings. 

Fig. 8 show the burners 3 arranged in a ring to sup- 
ply combustion gases to one gas turbine 1 , whose inlet 
stage 1a is seen in Fig. 7. Each burner 3 as shown in 
Fig. 8 includes a diffusion combustion chamber 7a in 
which diffusion combustion having high combustion sta- 
bility is effected, and a pre-mixing combustion chamber 
6a in which pre-mixing combustion having a high NO x 
reduction ratio is effected. However, in the pre-mixing 
combustion, the combustion stability range is relatively 
narrow. 

Diffusion fuel nozzles 9 for injecting a primary fuel 
F1 into the diffusion combustion chamber 7a are dis- 
posed at the upstream end of the diffusion combustion 
chamber 7a. Air A1 for the diffusion combustion enters 
through openings 7b. A pre-mixing gas formation cham- 
ber or passage 23 for pre-mixing a secondary fuel F2 
and air A2, with pre-mixing fuel nozzles 19 for injecting 
the secondary fuel F2, is disposed at the up-stream end 
of the pre-mixing combustion chamber 6a. A movable 
member 28 of an inter-flow control device (hereinafter 
referred to as "IFC") is disposed near the inlet of the pre- 
mixing chamber 23 in order to regulate the rate of the 
combustion air flowing into the chamber 23 from the 
space between a burner casing 1 8 and a transition piece 
1 05 and between the burner casing 1 8 and a cylinder 6 
bounding the pre-mixing combustion region 6a. The air 
is supplied into this space as a flow A from a compressor 
1. 

The IFC device comprises the movable member 28, 
an IFC opening setter 29a for determining the amount 



of opening of the movable piece 28 and an IFC driving 
mechanism 17a for driving the movable member 28. 
One IFC opening setter 29a is provided for the plurality 
of burners 3. As shown in Figs. 8 and 9, the IFC driving 
s mechanism 17a comprises a control ring 45 disposed 
around the outside of the annular ring of burners 3, a 
hydraulic cylinder 46 for rotating this control ring 45 and 
a lever link mechanism 47 for driving the movable mem- 
ber 28 of each burner 3 in accordance with the operation 
of the control ring 45. The movable member 28 of the 
IFC device and the lever link mechanism 47 are provid- 
ed for each of the burners 3, but other parts are in com- 
mon for ail the burners 3. In Figs. B and 9, the arrows 
indicate the movement of the parts in the opening (O) 
and closing (C) directions. 

As another means for adjusting the air distribution 
inside the burner, it is known to provide a bypass valve 
104 for passing part of combustion air, supplied from the 
compressor to the gap between the gas turbine casing 
18 and the transition piece 105, directly into the transi- 
tion piece 105 as shown in Fig. 10. In the same way as 
in Figs. 7 to 9 described above, only one bypass valve 
opening setter 100a, one motor and one control ring 
102, etc, constituting the bypass valve driving device 
100a are provided, to control all the bypass valves 104 
of all the burners 3a, respectively. A link mechanism 1 03 
for driving the bypass valve 104 in accordance with the 
operation of the control ring 102 is arranged for each 
bypass valve 1 04. 

As for control of the fuel-air ratio (the proportion of 
the fuel to air) in such a gas turbine equipment, the fuel- 
air ratio has been set to a constant value by changing 
the flow rate of air in accordance with the flow rate of 
the fuel that is predetermined for the operation of the 
gas turbine as described in JP-A-60-66020for example. 
In this case, the airflow rate is determined only on the 
basis of the fuel flow rate which is in match with the gas 
turbine load. Determination of the air flow rate based on 
only the fuel flow rate has been practised in other gas 
turbine equipments. 

In such conventional gas turbines one control ring 
45, 102 is driven for a plurality of burners. Therefore, 
the control of the fuel-air ratio for each burner individu- 
ally cannot be made. 

A proposal for the separate control of each burner 
has been made in JP-A-59-7739, which shows fuel con- 
trol for each burner performed, on the basis of the 
sensed temperature at the inlet to the first stage of the 
gas turbine. Each burner is controlled in dependence on 
the temperature pattern sensed all around the turbine, 
so as to minimize the temperature differences meas- 
ured around the gas turbine, resulting from different per- 
formance of the burners, by means of feed back from 
the sensed temperatures. Overall improvement of the 
performance of the gas turbine, particularly in respect 
of a reduction of nitrogen oxide content in the exhaust 
gas and of stability of the burner operation, was not un- 
der consideration. This method also does not control 
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each burner in dependence on a performance charac- 
teristic thereof. 

In US-A-5024055, there is described a device for 
gas turbine control in which sensors are provided at the 
outlet of the turbine, to detect the presence of unburned 
gas components in the exhaust gas. Such unburned 
components suggest that one or more of the burners is 
operating incorrectly or has blown out, and from the an- 
gular position of such unburned components, is possible 
to determine which burner is in'such a condition. The 
proposal then is to adjust the flow rate of air and/or of 
fuel to the respective burner, in order to maintain the fuel 
flow rate above a certain minimum and the air flow rate 
below a certain maximum. 

A proposal for separate control of two rings of burn- 
ers on the basis of detected fuel calorific value has been 
made in EP-A-278699. 

The present inventors have taken into considera- 
tion the fact that the parts which constitute each burner, 
for example the nozzles, the cylinders surrounding the 
combustion chambers, etc, vary in production and as- 
sembly, so that each burner has its own specific and par- 
ticular inherent fuel-air ratio characteristics. It follows 
that the fuel-air ratio which is most suitable for one burn- 
er is not necessarily the most suitable for another burn- 
er, so that a given burner may not be operating at the 
most suitable fuel-air ratio for stable operation and for 
reduction of NO x . It must be remembered that in the pre- 
mix combustion stage of a burner, which is the most ef- 
ficient stage from the point of view of reduction of NO x , 
there is a rather narrow stable combustion range, out- 
side which the burner may tend to blow out. The present 
invention seeks to solve this problem, which was not ap- 
preciated in the prior art. 

A first object of the invention is to provide a gas tur- 
bine apparatus and a method of controlling such an ap- 
paratus, in which stable operation of all of the burners 
is combined with a satisfactory level of NO x reduction. 
Particularly the invention provides improved control of 
the fuel-air ratio in each burner amonga plurality of burn- 
ers supplying the gas turbine is achieved. 

In a first aspect, the invention provides apparatus 
as set out in claim 1 and a method as set out in claim 6. 
Preferably the control of the fuel and/or air flow to the 
burners is effected individually for each burner, in de- 
pendence on at least one predetermined combustion 
characteristic of each burner. The combustion charac- 
teristic of each burner is determined in advance, and is 
specific for the burner. The combustion characteristic re- 
lates the fuel or air flow rate to the burner to a specific 
variable quantity related to the combustion performance 
of the burner. The measure of combustion performance 
may for example be the flame temperature in the com- 
bustion chamber of the burner. The specific quantity re- 
lated to this performance may be a quantity which is the 
same for all the burners, e.g. the calorific value of the 
fuel, the humidity of the combustion air or the NO x con- 
tent of the exhaust gas of the turbine. Alternatively, the 



quantity related to the combustion performance may be 
specific for the burner, and may be sensed individually 
for each burner, such as the actual combustion air flow 
rate of at least one stage of the burner, the combustion 
5 pressure in the burner (or the pressure fluctuation which 
is related to the stability of combustion), the combustion 
temperature itself, the temperature of a vortex-forming 
flame stabilization device at the outlet of a pre-combus- 
tion mixing passage, or temperature at the inlet of the 
turbine. This is not an exclusive list of the quantities 
which may be employed in the present invention. 

By individual control of each burner in accordance 
with a combustion characteristic which is specific for the 
burner, each burner can be made to operate within its 
stable operation range and to achieve efficient combus- 
tion and for low NO x production. 

It has been found that control in dependence upon 
at least two sensed quantities leads to improved burner 
performance from the point of view of stability and NO x 
reduction. 

The present inventors have also found that certain 
quantities relating to the performance of the burners are 
particularly suited for the individual control of the burn- 
ers, to improve performance. In accordance with the in- 
vention in one aspect, the flame temperature in a com- 
bustion chamber of each burner is sensed, andthe burn- 
ers are adjusted individually in accordance with the 
sensed values of flame temperature towards a prede- 
termined optimum for each burner. In another aspect, in 
accordance with the invention the temperature of a vor- 
tex-forming flame stabilization device provided at the 
outlet end of a premixing passage or chamber in a 
premixing combustion stage of each burner is sensed 
and each burner is individually controlled in dependence 
upon the sensed value of this temperature. It has been 
found that this temperature of the flame stabilization de- 
vice is particularly critical for flame stability. 

In yet another aspect of the invention, there is pro- 
vided separate control of two combustion stages of the 
burners of the gas turbine apparatus, in particular con- 
trol of air-fuel ratio of the two stages, in accordance with 
the value of at least two sensed quantities relating to the 
combustion performance of the burners. The two com- 
bustion stages may be a diffusion combustion stage and 
a pre-mixing combustion stage, or even two pre-mixing 
combustion stages where these are provided in the 
burners. The two combustion stages are controlled sep- 
arately, but not completely independently since the 
overall amount of fuel burned is determined by the load 
of the gas turbine. Improved operation of both combus- 
tion stages can be obtained in this manner 

Embodiments of the invention will now be described 
by way of non-limitative example, with reference to the 
accompanying drawings, in which:- 

Fig. 1 is a diagram showing the control system of a 
gas turbine which is a first embodiment of the present 
invention. 

Fig. 2 is a diagram of one burner of the gas turbine 
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of Fig. 1. 

Fig. 3 is a diagrammatic sectional view of the portion 
of the burner of the first embodiment shown in Fig. 2. 

Fig. 4 is a view, similar to that of Fig. 2, of a burner 
and its control, in an alternative embodiment of the in- 5 
vention. 

Fig. 5 is a diagram of one burner of a gas turbine 
which is a third embodiment of the present invention. 

Fig. 6 is a control block diagram for a gas turbine 
which is a fourth embodiment of the present invention. 

Fig. 7 is a diagrammatic sectional view of a burner 
disclosed in the prior art. 

Fig. 8 is a rear view of the burners of the prior art 
gas turbine. 

Fig. 9 is a diagrammatic sectional view of another 
prior art burner of a gas turbine. 

Various embodiments of the present invention will 
be explained below with reference to Figs. 1 to 6. In the 
illustration and explanation of each embodiment, the 
same reference numeral will be used for the same or 
equivalent parts and the repetition of explanation will be 
omitted. 

A first embodiment of a gas turbine according to the 
present invention will be explained with reference to 
Figs. 1 to 3. As shown in Fig. 1, the gas turbine appara- 
tus of this embodiment comprises a gas turbine 2 having 
a plurality of burners 3, for supplying burned gas to this 
gas turbine 2, a compressor 1 for supplying compressed 
air to the plurality of burners 3, and a controller for con- 
trolling each device. As shown for example in Fig. 7, the 
burners 3 are arranged in a ring around the turbine 2 
and supply the burned gases to the first stage of the 
turbine. 

Each burner 3 is a two-stage combustion system 
burner for effecting diffusion combustion at its upstream 
side and effecting pre-mixing combustion on its down- 
stream side. These modes of combustion are known. 
As shown in Figs. 2 and 3, the burner 3 comprises a 
burner casing 18, an inner cylinder 7 for diffusion com- 
bustion which defines a diffusion combustion chamber 
7a, an inner cylinder 6 for pre-mixing combustion which 
defines a pre-mixing combustion chamber 6a, a transi- 
tion piece 105 for guiding the burned gas produced in- 
side these inner cylinders 6,7 to the moving blades of 
the gas turbine 2, diffusion fuel nozzles 9, for injecting 
a primary fuel F1 into the diffusion combustion chamber 
7a, a pre-mixing gas formation chamber 23 for pre-mix- 
ing a secondary fuel F2 with combustion air A2, pre-mix- 
ing fuel nozzles 19 for injecting the secondary fuel F2 
into the pre-mixing gas formation chamber 23, and a 
movable member 28 for regulating the flow rate of pre- 
mixing combustion air which is supplied into the pre-mix- 
ing gas formation chamber 23 via the inlet 23b. 

The burner casing 18 is provided with a flange 20 
which divides the burner casing 18 into an upstream part 55 
and a downstream part and connects these parts with 
each other. As shown in Fig. 3, a secondary fuel pas- 
sage 20b through which the secondary fuel F2 flows and 



a fuel manifold 20a for distributing the secondary fuel 
F2 flowing through the secondary fuel passage 20b into 
a plurality of pre-mixing fuel nozzles 19, are formed in 
the flange 20. 

A flame stabilizing device 21 in the form of a small 
flange which forms a vortex circulation flow of the com- 
bustion gas on the downstream side of itself for stabiliz- 
ing the pre-mixing combustion is disposed near a pre- 
mixing gas jet port 23a of the pre-mixing gas formation 
chamber 23. This pre-mixing gas formation chamber 23 
has an annular shape, and a seal spring 24 for sealing 
the gap between this chamber 23 and the pre-mixing 
combustion inner cylinder 6 is disposed around the out- 
er periphery of the chamber 23. A seal spring 25 for seal- 
ing the gap between the chamber 23 and the diffusion 
combustion inner cylinder 7 is disposed around the inner 
periphery of the chamber 23. A swirl plate 22 for swirling 
the gas passing through the chamber 23 and for mixing 
the secondary fuel F2 with the pre-mixing combustion 
air A2 is disposed next to the pre-mixing gas jet port 23a 
inside the pre-mixing gas formation chamber 23. 

An IFC driving device 17 for driving the movable 
member 28 is connected to the member 28. This IFC 
driving device 17 is controlled by an IFC controller 42. 
As shown in Fig. 3, the IFC driving device 17 comprises 
an AC servo motor 17a, a servo amplifier 17b, a trans- 
mission mechanism 17c (e.g. screw mechanism) for 
converting the rotation of the motor 1 7a to linear motion 
and transmitting this motion to the moving member 28 
and a differential convertor 1 7f for detecting the position 
of the movable member 28 and feeding it back to the 
IFC controller 42. Instead of the A.C. servo motor 17a, 
another electric motor such as a D.C. servo motor, a 
stepping motor, or a linear motor, a hydraulic device 
such as a hydraulic cylinder, or a hydraulic motor, or a 
pneumatic device such as an air cylinder, or an air motor, 
can be used as the driving means of the moving member 
28. 

As shown in Fig. 3, each burner 3 is provided with 
a flow velocity meter 34 for measuring the flow velocity 
of the pre-mixing combustion air A2 inside the pre-mix- 
ing gas formation chamber 23, a thermometer 35 for 
measuring the temperature of the flame stabilizing de- 
vice 21 , a pressure gauge 36 for measuring the pressure 
near the pre-mixing gas jet port 23a of the pre-mixing 
gas formation chamber 23 and a thermometer 37 for 
measuring the temperature of the pre-mixing flame. As 
shown in Fig. 2, the gas turbine 2 is provided with a ther- 
mometer 38 for measuring the temperature of fixed 
blades at the entry to the gas turbine downstream of 
each burner 3, a thermometer 39 for measuring the first 
stage gas temperature downstream of each burner 3, a 
plurality of thermometers 40, for measuring the circum- 
ferential temperature distribution inside the gas turbine 
2 on the downstream side thereof and an NO x meter 41 
for measuring the NO x value at the outlet of the gas tur- 
bine 2. 

As shown in Fig. 1, the IFC controller 42 includes 
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an IFC opening setter 29 for determining a reference air 
flow rate from a reference function of a fuel flow rate 
necessary for the desired gas turbine load on the basis 
of a fuel instruction signal representing the gas turbine 
load so as to set the reference opening value of the mov- 
able member 28. The controller 42 also has a plurality 
of opening correctors 31 a,31 b etc. for correcting this ref- 
erence opening value in dependence on various sensed 
quantities. An opening corrector 31a determines a cor- 
rection of the reference opening value of the member 
28 on the basis of a measured fuel calorific value 30. An 
opening corrector 31 b determines a correction of the ref- 
erence opening value on the basis of the humidity of the 
combustion air measured by an atmosphere hygrome- 
ter 33. A corrector 31c determines a correction of the 
reference opening value on the basis of the flow velocity 
of the p re-mixing combustion air A2 measured by the 
flow velocity meter 34. A corrector 31 d determines a cor- 
rection of the reference opening value on the basis of 
the temperature of the flame stabilizing device 21 meas- 
ured by the thermometer 35. A corrector 31 e determines 
a correction of the reference opening value on the basis 
of the combustion pressure measured by the pressure 
gauge 36, that is, on the basis of the frequency and am- 
plitude of the combustion vibration. A corrector 31 f de- 
termines a correction of the reference opening value on 
the basis of the temperature of the pre-mixing flame 
measured by the thermometer 37. A corrector 31 g de- 
termines a correction of the reference opening value on 
the basis of the temperature of the fixed blades meas- 
ured by the thermometer 38. A corrector 31 h determines 
a correction of the reference opening value on the basis 
of the first stage gas temperatu re measured by the ther- 
mometer 39. A corrector 31 i determines a correction of 
the reference opening value on the basis of the temper- 
ature distribution on the downstream side inside the gas 
turbine 2 measured by the thermometers 40. A corrector 
31 j determines a correction of the reference opening 
value on the basis of the NO x value at the outlet of the 
gas turbine 2 measured by the NO x meter 41 . 

Each opening corrector 31a ... 31 f has stored in it a 
predetermined characteristic of the burner 3, which re- 
lates the variation of the respective sensed quantity to 
the pre-mixing air flow rate. Thus the correction per- 
formed to the opening value of the member 28 by each 
respective corrector 31a ... 31 f is aimed to optimize the 
respective sensed quantity for optimal performance of 
the burner. Adders 32a, 32b, 32j add the corrections 
outputted from these correctors 31a, 31 j to the ref- 
erence opening value of the movable member 28. 

One of these IFC controllers 42 and IFC driving de- 
vices 17 are provided for each burner 3. 

In this embodiment, flow rate calculation means 
comprises the IFC controller 42 which indirectly deter- 
mines the flow rate of the pre-mixing combustion air A2, 
and the flow regulation means comprises the movable 
member 28 and the IFC driving device 17. Reference 
fuel-air ratio setting means comprises the IFC opening 



setter 29 which indirectly determines the reference fuel- 
air ratio, and correction means comprises correctors 
31a, 31 j and adders 32a, 32j. 

Next, the operation of this embodiment will be ex- 
s plained. 

When the fuel instruction signal is outputted, the 
valve opening of each of fuel flow rate regulation valves 
8a, 8b of the burners 3, is set so that the fuel whose flow 
rate corresponds to the turbine load represented by the 
fuel instruction signal is supplied to each burner 3. 

In the IFC controller 42 of each of the burners 3, on 
the other hand, the IFC opening setter 29 which receives 
the fuel instruction signal determines the reference air 
quantity from the reference function of the fuel flow rate 
necessary for the gas turbine load and sets the refer- 
ence opening value of the member 28. The correctors 
31a, 31 j and the adders 32a, — , 32j correct this ref- 
erence opening value and output the corrected opening 
value to the IFC driving device 17. 

The I FC driving device 1 7 moves the movable mem- 
ber 28 on the basis of this corrected opening value, and 
the pre-mixing combustion air A2 enters the pre-mixing 
gas formation chamber 23 at an optimum flow rate. 

To stably burn the fuel and to limit NO x to a low level, 
it is necessary to employ accurately control variables 
such as the properties of the fuel, weather, combustion 
state, and so forth. Since this embodiment measures the 
calorific power of the fuel, the humidity of the atmos- 
phere, the NO x value, etc, as described above and con- 
trols the opening value of the member 28 on the basis 
of these values, stable combustion can be accom- 
plished and the reduction of NO x can be attained. The 
measured quantities are the same for all the burners 3, 
of course. More specifically, if the combustion ratio of 
the fuel decreases during the operation due to the 
change of the atmospheric humidity, for example, the 
reference movable piece opening increases, so that 
blow-out can be prevented. When the fuel ratio of the 
fuel increases because of the change of the atmospher- 
ic humidity, the reference movable piece opening de- 
creases, so that NO x is limitedto a lower level and back- 
firing can be prevented, as well. 

In this embodiment, the movable member opening 
value is corrected for each burner 3, on the basis of the 
flow velocity of the pre-mixing combustion air A2, the 
temperature of the flame stabilizing device 21 , the tem- 
perature of the pre-mixing flame, the temperature of the 
fixed blades of the turbine, the temperature of the first 
stage, etc, that are all measured for each burner 3, and 
the pre-mixing combustion air A2 is supplied at an opti- 
mum flow rate to each burner 3. Accordingly, the pre- 
mixing combustion air A2 can be supplied in accordance 
with the difference of performance of the individual burn- 
ers 3. For this reason, optimum control can be achieved 
for each burner 3, and stable combustion and low NO x 
combustion can be accomplished by all the burners. 

In this embodiment, it is preferred that diffusion 
combustion is mainly effected at the start-up of the tur- 
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bine, and pre-mixing combustion is mainly effected dur- 
ing the steady operation at above a specific load. There- 
fore, increase in NO x hardly occurs even when the flow 
rate of the diffusion combustion air A1 supplied to the 
diffusion combustion chamber 7a is not corrected, in the s 
same manner as the pre-mixing air flow rate, as de- 
scribed above. 

The flow-controlling member 28 is relatively small. 
Unlike the prior art technique construction described 
above, this embodiment does not use a control ring 
which is common for all burners and therefore is large 
in scale, has a large inertia and has a large thermal ex- 
pansion and does net use a complicated link mecha- 
nism for connecting the control ring to the movable 
piece. Therefore, this embodiment can provide im- 
proved accuracy of positioning of the movable piece and 
the control response characteristics. 

Though this above embodiment illustrates the case 
where the present invention is applied to the two-stage 
combustion system burner, the present invention can of 
course be applied to a single stage burner or burners 
having three or more stages. 

Though the above embodiment corrects only the 
flow rate of the pre-mixing combustion air supplied to 
the pre-mixing gas formation chamber 23, the flow rate 
of the diffusion combustion air A1 supplied to the diffu- 
sion combustion chamber 7a may also be corrected in 
an analogous manner. Fig. 4 illustrates this embodiment 
and additionally the case where there are two premixing 
combustion stages having separate air-flow control in 
accordance with the invention. 

In Fig. 4, a ring-shaped movable member 2Ba, sim- 
ilar to the movable member 28 and moved by a similar 
mechanism 17a is arranged to control the air flow rate 
for the diffusion combustion stage, i.e. the air flow rate 
to the inner cylinder 7. The opening value of the member 
28a is calculated and set by the IFC controller 42a, 
which is similar in principle to the IFC controller 42 for 
the pre-mixing combustion airflow rate control. The con- 
troller 42a receives as input information the desired fuel 
supply rate signal and determines the opening value for 
the member 28a from that and from sensed information 
relating to the actual performance of the burner 3. The 
inputs of sensed information to the controller 42a are 
generally the same as to the controller 42 of Figs. 1 and 
4, adapted to the fact that the diffusion combustion air 
flow is controlled in this case. The sensors required are 
not shown in Fig. 4. The diffusion combustion air flow 
rate of each burner 3 of the gas turbine is controlled in- 
dividually in this manner. 

In the embodiment of Figs. 1 - 3, there is one IFC 
controller 42 for each burner 3, and in Fig. 4 two IFC 
controllers 42,42a for each burner. Suitably, the IFC 
controller is data processing means. It is alternatively 
possible to use one computer instead of these IFC con- 
trollers 42,42a for example, and to set the movable 
member opening values for the burners 3, individually 
using the single computer. 



Fig. 4 also shows that in this embodiment there are 
two premixing combustion stage fuel flows F2a and F2b, 
for the two premixing combustion stages respectively. 
The flow passages and burner nozzles etc. for the first 
premixing combustion stage (fuel flow F2a) are not 
shown, but this stage has a controller operating in the 
same manner as the controller 42 of Fig. 1. The control- 
ler 42 shown in Fig. 4 for the fuel flow F2bforthe second 
premixing combustion stage is identical to the corre- 
sponding controller 42 of Fig. 1 . 

Next, a third embodiment of the gas turbine accord- 
ing to the present invention will be explained with refer- 
ence to Fig. 5. In this construction, for changing the dis- 
tribution of air inside the burner 3, a bypass valve 104' 
is arranged to send part of the combustion air supplied 
to the space between the burner casing 1 8 and the tran- 
sition piece 105 into the transition piece 105, and this 
bypass valve 104 changes the fuel-air ratio inside the 
transition piece 105. 

In this embodiment, a bypass valve opening setter 
1 00 and a bypass valve driving device 101 are provided 
for each burner 3a of the plurality of burners 3a of the 
gas turbine, and the flow rate of excess air A3 supplied 
into the transition piece 105 through the bypass valve 
104 is regulated individually for each burner 3a. In this 
case also therefore, excess air A3 can be supplied to 
each burner 3a, at the appropriate flow rate regulated 
for each burner 3a. 

The by-pass value opening setter 100 controls the 
driving device 1 01 in dependence on the fuel supply sig- 
nal F and also on a plurality of sensed conditions 
30,33-41 relating to the performance of the burner. 
These sensed conditions 30, 33-41 are the same as in 
the embodiment of Figs. 1 -3, and the calculation of the 
opening value of the valve 104 is performed in an anal- 
ogous manner, in dependence on known characteristics 
of each individual burner. 

The foregoing embodiments are the cases where 
only the flow rate of combustion air is regulated in order 
to adjust the fuel-air ratio. However, in alternative em- 
bodiments, only the fuel flow rate may be regulated or 
the flow rate of combustion air and the fuel flow rate may 
be regulated in a similar manner for each burner. The 
case where only the fuel flow rate is regulated will be 
explained as the fourth embodiment shown in Fig. 6. Fig. 
6 illustrates the control of the fuel flow rates to the pre- 
mixing fuel nozzles 19 and to the diffusion nozzles 9, in 
a burner of the same construction as shown in Figs. 1-3. 

In this embodiment, a reference opening setter 120 
for setting a reference opening value of a pre-mixing fuel 
flow rate regulating valve 8a and a diffusion fuel flow 
rate regulating valve 8b is provided for each burner 3, 
and two opening correctors 121a, 121 bare disposed for 
correcting the reference opening value for each regulat- 
ing valve 8a, 8b which is set by this reference opening 
setter 120. Data relating to each regulating valve 8a, 8b 
and the differences of the components of the fuel are in 
advance set in each opening corrector 121a, 121b. The 
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opening corrector 1 21 a adjusts the fuel flow rate setting 
to the nozzles 19 in dependence on the same sensed 
characteristics 30, 33-41 as in the embodiment ot Fig. 
1, as well as the known performance characteristics of 
the burner 3. Likewise, the opening corrector 121b ad- 
justs the fuel flow rate setting to the nozzles 9 in depend- 
ence on inputs relating to sensed conditions relating to 
the actual performance of the burner and predetermined 
characteristics of the burner, similar to the inputs to the 
opening corrector 121a but adapted to the diffusion 
combustion stage. 

The IFC opening setter 29a and the IFC driving de- 
vice 17a used in this embodiment for the air flow rate to 
the pre-mixing combustion are the same as those of the 
prior art. In other words, the IFC opening setter 29a de- 
termines indiscriminately the IFC opening without dis- 
criminating among the burners 3, and the IFC driving 
device 17a is equipped with a control ring for non-dis- 
criminately moving the movable member 28 of each 
burner 3. 

Fig. 6 shows also the reference opening setter 120' 
and the opening correctors 121a', 121b' for the fuel 
valves 8a', 8b' of a second burner of the same gas tur- 
bine, which is controlled in the same manner. 

In the embodiment, the fuel can be supplied at the 
optimum flow rate to each burner 3, individually and for 
each stage of each burner individually. This embodi- 
ment can achieve fundamentally the same effect as that 
of the first embodiment due to the provision of the ref- 
erence opening setter 120 and the opening correctors 
121a, 121b. Therefore, removal of the common control 
ring for the pre-mixing combustion, etc, is not necessary, 
so that modification cost can be lower than in the first 
embodiment when the present invention is applied to ex- 
isting equipment. 

According to the present invention, therefore, the 
supply flow rate(s) of the combustion air and/or of the 
fuel can be regulated optimally for each burner. There- 
fore, the combustion of each burner can take place un- 
der most suitable conditions. Since the fuel-air ratio is 
corrected on the basis of various externa! factors, com- 
bustion can be accomplished at a suitable fuel-air ratio 
corresponding to the variation of the external factors and 
to the individual difference of each portion of the burner. 
Accordingly, stable and low NO x combustion can be 
achieved. 



Claims 

1. A gas turbine apparatus having a gas turbine (2), a 
plurality of burners (3) for providing combustion gas 
to drive said turbine, flow control means (8a,8b, 
17,173,28,288,105) of each said burner for at least 
one of fuel and combustion air, sensing means 
(30,33-41) for sensing a quantity relating to the 
combustion performance of said burners, and con- 
trol means (42,42a) for adjusting said flow control 



means of said burners individually in dependence 
on said quantity characterized in that said sensing 
means comprises means (30,33-41 ) for sensing at 
least two quantities relating to the combustion per- 
5 formance of said burners, and said control means 
(42,42a) Is adapted and arranged to adjust said flow 
control means of each said burner individually in de- 
pendence on at least two of said sensed quantities. 

10 2. Agasturbineapparatusaccordingtoclaiml where- 
in said control means (42,42a) adjusts said flow 
control means of each said burner individually in de- 
pendence on a predetermined combustion charac- 
teristic of each respective burner. 

15 

3. A gas turbine apparatus according to claim 1 or 
claim 2, wherein said at least two sensed quantities 
are selected from 

20 calorific value of fuel being fed to said burners, 

humidity of combustion air being fed to said 
burners, 

nitrogen oxide concentration downstream of 
said gas turbine, 

25 combustion air flow rate of at least one com- 

bustion stage of the respective burner, 
temperature of a vortex-forming flame stabiliz- 
ing device (21 ) at the outlet of a pre-mixing pas- 
sage (23) of the respective burner, 

30 combustion pressure in the respective burner, 

flame temperature in the respective burner, 
fixed blade temperature of said gas turbine 
downstream of the respective burner, 
gas temperature at a first stage of said gas tur- 

35 bine downstream of the respective burner, and 

exhaust gas temperature resulting from the re- 
spective burner. 

4. A gas turbine apparatus having a gas turbine (2) 
40 and a plurality of burners (3) for providing combus- 
tion gas to drive said turbine, flow control means 
(83,80,17,173,28,288,105) of each said burner for 
at least one of fuel and combustion air, each said 
burner having a plurality of combustion stages com- 

45 prising a first combustion stage and a second com- 
bustion stage, and said appsrstus further having 
sensing means (30,33) for sensing a quantity relat- 
ing to the combustion performance of said burners 
and control means (42,42a) for controlling said 

^o burners individually in dependence on sensed be- 
haviour of the respective burner and for controlling 
said first combustion stage and said second com- 
bustion stage, characterized in that said sensing 
means comprises means (30,33-41) for sensing at 

55 least two quantities relating to the combustion per- 
formance of said burners, said control means 
(42,42a) is adapted and arranged to control said 
combustion stage and said second combustion 
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stage separately in dependence on sensed values 
of said at least two said quantities. 

5. A gas turbine apparatus according to claim 4, 
wherein said plurality ot combustion stages com- 
prises a diffusion combustion stage and at least one 
fuel and combustion air pre-mixing combustion 
stage. 

6. A method of controlling a gas turbine apparatus 
having a gas turbine (2) and a plurality of burners 
(3) supplying combustion gases thereto, compris- 
ing controlling at least one of fuel and combustion 
air supply to said burners individually in depend- 
ence on sensed behaviour of the respective burner, 
characterized by during operation sensing at least 
two quantities relating to combustion performance 
of said burners and controlling each said burner in- 
dividually in dependence on the sensed values of 
said two quantities. 

7. A method according to claim 6 wherein at least one 
of fuel and combustion air supply to each said burn- 
er is controlled in dependence on a predetermined 
combustion characteristic of the respective burner. 

8. A method according to claim 6 or claim 7, wherein 
said at least two sensed quantities are selected 
from 

calorific value of fuel being fed to said burners, 
humidity of combustion air being fed to said 
burners, 

nitrogen oxide concentration downstream of 
said gas turbine, 

combustion air flow rate of at least one com- 
bustion stage of each said burner, 
temperature of a vortex-forming flame stabiliz- 
ing device (21 ) at the outlet of a pre-mixing pas- 
sage (23) of each said burner, 
combustion pressure in each said burner, 
flame temperature in each said burner, 
fixed blade temperature of said gas turbine 
downstream of each said burner, 
gas temperature at a first stage of said gas tur- 
bine downstream of each said burner, and 
exhaust gas temperature resulting from each 
said burner. 

9. A method of controlling a gas turbine apparatus 
having a gas turbine (2) and a plurality of burners 
(3) supplying combustion gases thereto, wherein 
each said burner has at least a first combustion 
stage and a second combustion stage, said method 
comprising during operation sensing a quantity re- 
lated to combustion performance of said burners, 
controlling each said burner individually in depend- 
ence on sensed behaviour of the respective burner, 



and adjusting said first and second combustion 
stages of said burners separately on the basis of 
said sensed quantity, characterized by during oper- 
ation sensing at least two quantities relating to com- 
s bustion performance of said burners and controlling 
each said combustion stage in dependence on the 
sensed values of said two quantities. 

10 Patentanspruche 

1. Gasturbinenvorrichtung mit einer Gasturbine (2), 
einer Vielzahl von Brennem (3) zur Bereitstellung 
von Verbrennungsgas zum Antreiben der Turbine, 

15 einer Einrichtung (8a, 8b, 17, 17a, 28, 28a, 105) fur 
jeden Brenner zum Steuern des Zuflusses von 
Kraftstoff und/oder Verbrennungsluft, Sensorein- 
richtungen (30, 33 - 41 ) zum Abtasten einer auf den 
Verbrennungswirkungsgrad der Brenner bezoge- 

20 nen GroBe und Steuereinrichtungen (42, 42a) zum 
Einstellen der ZufluBsteuereinrichtungen der Bren- 
ner individuell in Abhangigkeit der GroBe, 

dadurch gekennzeichnet, daB die Sensor- 
einrichtung eine Einrichtung (30, 33-41) zum Ab- 

25 tasten wenigstens zweier auf den Verbrennungs- 
wirkungsgrad der Brenner bezogenen GroBen auf- 
weist und die Steuereinrichtung (42, 42a) angepaBt 
und angeordnet ist, urn die ZufluBsteuereinrichtung 
von jedem Brenner individuell in Abhangigkeit von 

30. wenigstens zwei der abgetasteten GroBen einzu- 
stellen. 

2. Gasturbinenvorrichtung nach Anspruch 1 , dadurch 
gekennzeichnet, daB die Steuereinrichtung (42, 

35 42a) die ZufluBsteuereinrichtung von jedem Bren- 
ner individuell in Abhangigkeit eines vorbestimmten 
Verbrennungsverhaltens des jeweiligen Brenners 
einstellt. 

40 3. Gasturbinenvorrichtung nach Anspruch 1 oder 2, 
dadurch gekennzeichnet, daB die wenigstens 
zwei abgetasteten GroBen aus 

dem Heizwert des den Brennern zugefuhrten 

45 Kraftstoffes, 

der Feuchtigkeit der den Brennern zugefuhrten 
Verbrennungsluft, der Stic kst off oxidkonzent ra- 
tion stromabwartig der Gasturbine, der Ver- 
brennungsluft-DurchfluBrate von wenigstens 

50 einer Verbrennungsstufe des jeweiligen Bren- 

ners, 

der Temperatur einer Wirbel bildenden, Flam- 
men stabilisierenden Vorrichtung (21) am Aus- 
gang eines Vormischdurchganges (23) des je- 
55 weiligen Brenners, 

dem Verbrennungsdruck in dem jeweiligen 
Brenner, 

der Flammentemperatur in dem jeweiligen 
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Brenner, 

der Temperatur der feststehenden Blatter der 
Gasturbine stromabwartig des jeweiligen Bren- 
ners, 

der Gastemperatur an einer ersten Stufe der 
Gasturbine stromabwartig des jeweiligen Bren- 
ners und 

der von dem jeweiligen Brenner herruhrenden 
Abgastemperatur ausgewahlt werden. 

4. Gasturbinenvorrichtung mit einer Gasturbine (2), 
einer Vielzahl von Brennern (3) zur Bereitstellung 
von Verbrennungsgas zum Antreiben der Turbine, 
einer Einrichtung (8a, 8b, 1 7, 1 7a, 28, 28a, 1 05) fur 
jeden Brenner zum Steuern des Zuflusses von 
Krattstoff und/oder Verbrennungsluft, wobei jeder 
Brenner eine Vielzahl von Verbrennungsstufen mit 
einer ersten Verbrennungsstufe und einer zweiten 
Verbrennungsstufe aufweist, und die Vorrichtung 
ferner Sensoreinrichtungen (30, 33) zum Abtasten 
einer auf den Verbrennungswirkungsgrad der Bren- 
ner bezogenen GroBe und Steuereinrichtungen 
(42, 42a) zum Einstellen der Brenner individuell in 
Abhangigkeit des abgetasteten Verhaltens des je- 
weiligen Brenners und zum Steuern der ersten Ver- 
brennungsstufe und der zweiten Verbrennungsstu- 
fe enthalt, dadurch gekennzeichnet, daB die Sen- 
soreinrichtung eine Einrichtung (30, 33 - 41) zum 
Abtasten von wenigstens zwei auf den Verbren- 
nungswirkungsgrad der Brenner bezogenen Gro- 
Ben aufweist, wobei die Steuereinrichtung (42, 42a) 
angepaOt und angeordnet ist, urn die erste Verbren- 
nungsstufe und die zweite Verbrennungsstufe ge- 
trennt in Abhangigkeit der abgetasteten Werte der 
wenigstens zwei GroBen zu steuern. 

5. Gasturbinenvorrichtung nach Anspruch 4, dadurch 
gekennzeichnet, daS die Vielzahl von Verbren- 
nungsstufen eine Diffusionsverbrennungsstufe und 
wenigstens eine Kraftstoff/Verbrennungsluft-Vor- 
mischverbrennungsstufe aufweist. 

6. Verfahren zurm Steuern einer Gasturbinenvorrich- 
tung mit einer Gasturbine (2) und einer Vielzahl von 
Brennern (3), die dieser Verbrennungsgase zufuh- 
ren, das ein Steuern einer Krattstoff- und/oder eine 
Verbrennungsluftzufuhrzuden Brennern individuell 
in Abhangigkeit des abgetasteten Verhaltens des 
jeweiligen Brenners enthalt, gekennzeichnet 
durch ein Abtasten wenigstens zweier auf den Ver- 
brennungswirkungsgrad der Brenner bezogenen 
GroBen und ein Steuern jedes Brenners individuell 
in Abhangigkeit von den gemessenen Werten der 
zwei GroBen wahrend des Betriebs. 

7. Verfahren nach Anspruch 6, dadurch gekenn- 
zeichnet, daB eine Krattstoff- und/oder eine Ver- 
brennungsluftzufuhr zu jedem Brenner in Abhan- 



gigkeit eines vorbestimmten Verbrennungsverhal- 
tens des jeweiligen Brenners gesteuert wird. 

8. Verfahren nach Anspruch 6 oder 7, dadurch ge- 
s kennzeichnet, daB die wenigstens zwei abgetaste- 
ten GroBen aus 

dem Heizwert des den Brennern zugefuhrten 
Kraftstoffes, 

10 der Feuchtigkeit der den Brennern zugefuhrten 

Verbrennungsluft, 

der Stickstoffoxidkonzentration stromabwartig 
der Gasturbine, 

der VerbrennungsluftdurchfluBrate von wenig- 
75 stens einer Verbrennungsstufe des jeweiligen 

Brenners, 

der Temperatur einer Wirbel bildenden, Flam- 
men stabilisierenden Vorrichtung (21) am Aus- 
gang eines Vormischdurchganges (23) des je- 
20 weiligen Brenners, 

dem Verbrennungdruck in dem jeweiligen 
Brenner, 

der Flammentemperatur in dem jeweiligen 
Brenner, 

25 der Temperatur der feststehenden Blatter der 

Gasturbine stromabwartig des jeweiligen Bren- 
ners, 

der Gastemperatur an einer ersten Stufe der 
Gasturbine stromabwartig des jeweiligen Bren- 
30 ners und 

der von dem jeweiligen Brenner herruhrenden 
Abgastemperatur ausgewahlt werden. 

9. Verfahren zum Steuern einer Gasturbinenvorrich- 
35 tung mit einer Gasturbine (2) und einer Vielzahl von 

Brennern (3), die dieser Verbrennungsgase zufuh- 
ren, wobei jeder Brenner wenigstens eine erste Ver- 
brennungsstufe und eine zweite Verbrennungsstu- 
fe aufweist, und das Verfahren wahrend des Be- 

40 triebs ein Abtasten einer auf den Verbrennungswir- 
kungsgrad der Brenner bezogenen GroBe, ein 
Steuern jedes Brenners individuell in Abhangigkeit 
des abgetasteten Verhaltens des jeweiligen Bren- 
ners und ein getrenntes Einstellen der ersten und 

45 der zweiten Verbrennungsstufe der Brenner auf der 
Grundlage der abgetasteten GroBe beinhaltet, ge- 
kennzeichnet durch ein Abtasten wenigstens 
zweier auf den Verbrennungswirkungsgrad der 
Brenner bezogenen GroBen und ein Steuern jeder 

50 Verbrennungsstufe in Abhangigkeit von den abge- 
tasteten Werten der zwei GroBen wahrend des Be- 
triebs. 



55 Revendications 

1. Disposrtif a turbine a gaz comportant une turbine a 
gaz (2), plusieurs bruleurs (3) pour fournir des gaz 
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de combustion pour entrainer ladite turbine, des 
moyens de commande d'ecoulement (8a, 8b, 17, 
17a, 28, 28a, 105) de chacun desdits bruleurs pour 
commander au moins un element parmi le carbu- 
rant et i'air de combustion, des moyens de detection s 
(30, 33 -41) pour detecter une quantite relative a 
la performance de combustion desdits bruleurs, et 
des moyens de commande (42, 42a) pour regler de 
maniere individuelle lesdits moyens de commande 
d'ecoulement desdits bruleurs en fonction de ladite 10 
quantite, caracterise en ce que lesdits moyens de 
detection comportent des moyens (30, 33 - 41 ) pour 
detecter au moins deux quantites relatives a la per- 
formance de combustion desdits bruleurs, et lesdits 
moyens de commande (42, 42a) sont adaptes et *5 
agencSs pour rSgler individuellement lesdits 
moyens de commande d'ecoulement de chacun 
desdits bruleurs en fonction d'au moins deux des- 
dites quantity detectees. 

20 

2. Dispositif a turbine a gaz selon la revendication 1 
dans lequel lesdits moyens de commande (42, 42a) 
reglent individuellement lesdits moyens de com- 
mande d'ecoulement de chacun desdits bruleurs en 
fonction d'une caracteristique de combustion pre- 25 
determined de chaque bruleur respectif. 

3. Dispositif a turbine a gaz selon la revendication 1 
ou 2, dans lequel lesdites au moins deux quantites 
detectees sont selectionnees a partir de 30 

la valeur calorifique du carburant achemine 
vers lesdits bruleurs 

I'humidite de I'air de combustion achemine vers 
lesdits bruleurs, 35 
la concentration en oxyde d'azote en aval de 
ladite turbine a gaz, 

le debit d'air de combustion d'au moins un Sta- 
ge de combustion du brQIeur respectif, 
la temperature d'un dispositif de stabilisation de 40 
flamme formant vortex (21 ) existant au niveau 
de la sortie d'un passage de premelange (23) 
du brQIeur respectif, 

la pression de combustion dans le bruleur res- 
pectif, 45 
la temperature de flamme dans le bruleur res- 
pectif, 

la temperature de I'aube fixe de ladite turbine 
a gaz en aval du bruleur respectif, 
la temperature de gaz existant au niveau d'un so 
premier Stage de ladite turbine a gaz en aval 
dudit bruleur respectif, et 
la temperature des gaz d'echappement resul- 
tant du bruleur respectif. 

55 

4. Dispositif a turbine a gaz comportant une turbine a 
gaz (2) et plusieurs bruleurs (3) pour fournir des gaz 
de combustion pour entrainer ladite turbine, des 



moyens de commande d'ecoulement (8a, 8b, 17, 
17a, 28, 28a, 105) de chacun desdits bruleurs pour 
commander au moins un element parmi le carbu- 
rant et I'air de combustion, chacun desdits bruleurs 
ayant plusieurs etages de combustion comportant 
un premier etage de combustion et un second etage 
de combustion, et ledit dispositif comportant en 
outre des moyens de detection (30, 33) pour detec- 
ter une quantite relative a la performance de com- 
bustion desdits bruleurs et des moyens de com- 
mande (42, 42a) pour commander lesdits bruleurs 
de maniere individuelle en fonction du comporte- 
ment detecte du bruleur respectif et pour comman- 
der ledit premier etage de combustion et ledit se- 
cond etage de combustion, caracterise en ce que 
lesdits moyens de detection comportent des 
moyens (30, 33-41) pour detecter au moins deux 
quantites relatives a la performance de combustion 
desdits bruleurs, lesdits moyens de commande (42, 
42a) sont adaptes et agences pour commander s6- 
parement ledit'premier etage de combustion et ledit 
second etage de combustion en fonction des va- 
leurs detectees desdites au moins deux quantites. 

5. Dispositif a turbine a gaz selon la revendication 4, 
dans lequel lesdits plusieurs etages de combustion 
comportent un etage de combustion de diffusion et 
au moins un etage de combustion de prSmeiange 
de carburant et d'air de combustion. 

6. Procede de commande d'un dispositif a turbine a 
gaz comportant une turbine a gaz (2) et plusieurs 
bruleurs (3) qui alimentent des gaz de combustion 
vers cel!e-ci, comportant la commande individuelle 
d'au moins une des alimentations en carburant et 
en air de combustion vers lesdits bruleurs en fonc- 
tion du comportement detecte du brQIeur respectif, 
caracterise en ce que pendant le fonctionnement 
on detecte au moins deux quantites relatives a la 
performance de combustion desdits bruleurs et on 
commande individuellement chacun desdits brQ- 
leurs en fonction des valeurs detectees desdites 
deux quantites. 

7. Procede selon la revendication 6, dans lequel au 
moins une des alimentations en carburant et en air 
de combustion vers chacun desdits bruleurs est 
commandee en fonction d'une caracteristique de 
combustion predeterminee du brQIeur respectif. 

8. Procede selon la revendication 6 ou 7, dans lequel 
lesdites au moins deux quantites detectees sont se- 
lectionnees a partir de 

la valeur calorifique du carburant achemine 
vers lesdits bruleurs 

I'humidite de I'air de combustion achemine vers 
lesdits bruleurs, 
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la concentration en oxyde d'azote en aval de 
ladite turbine a gaz, 

le debit d'air de combustion d'au moins un sta- 
ge de combustion de chacun desdits bruleurs, 
la temperature d'un dispositif de stabilisation de s 
flamme formant Vortex (21) existant au niveau 
de la sortie d'un passage de prem6lange (23) 
de chacun desdits bruleurs, 
la pression de combustion dans chacun desdits 
bruleurs, 10 
la temperature de flamme dans chacun desdits 
bruleurs, 

la temperature de I'aube fixe de ladite turbine 
a gaz en aval de chacun desdits bruleurs, 
la temperature de gaz existant au niveau d'un is 
premier etage de ladite turbine a gaz en aval 
de chacun desdits bruleurs, et 
la temperature des gaz d'6chappement resul- 
tant de chacun desdits bruleurs, 

20 

Procede de commande d'un dispositif a turbine a 
gaz ayant une turbine a gaz (2) et plusieurs bruleurs 
(3) qui alimentent des gaz de combustion vers celle- 
ci, dans lequel chacun desdits bruleurs a au moins 
un premier etage de combustion et un second etage 25 
de combustion ledit procede consistant a, pendant 
le fonctionnement, detecter une quantite concer- 
nant la performance de combustion desdits bru- 
leurs, commander individuellement chacun desdits 
bruleurs en fonction du comportement detects du 30 
bruleur respectif; et regler separ6ment lesdits pre- 
mier et second etages de combustion desdits bru- 
leurs sur la basede ladite quantite d6tect6e, carac- 
terise en ce que pendant le fonctionnement on de- 
tecte au moins deux quantit6s relatives a la perfor- 35 
mance de combustion desdits bruleurs et on com- 
mande chacun desdits etages de combustion en 
fonction des valeurs detectees desdites deux quan- 
tites. 

40 
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FIG. 8 (PRIOR ART) 
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